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1 Introduction 

Motivation : Gluenching problem of the 
Gamow-Te I le r Strength 

Gamow-Teller (GT) Excitation 

Ikeda's sum rule 

Quench i n g problem 

ut-+ -- , A S = A T = I ,  A L = O  

s,_-s,+ = 3(N-Z) 

3 0.2 
0.0 

Gaarde et al. (1983) 

mass nurnber A 

Two interpretlations 
1. [ I p lh  GT~tate l+[AN- '~]  ... E,=300 MeV 
2. [I p l  h GT state]+[2p2h] ... E, = 20-50 MeV 

GT strengths \ in the continuum 



B -strengths in continuum obtained 
from the goZr(p,n) spectra 

300MeV (Wakasa et al. PRC55,2909 (1 997)) 

V, JV is larclest L 

=distortion effect is smallest 

Extraction of the AL= 0 component by 
multipole decoimposition analysis (MDA) 
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a - strengths (at E, e 50 MeV) 

I F?(q,u) : kinematical factor 

data 

s, -;MDA -* -' 34 .2 t  1.6 



Subtraction of the contiribution from 
isovector spin monopole (IVSM) excitation 
IVSM: 2tioll, AJ*=l.+, A L =  0, 6 = r 2 a t  - 

DWIA calculation: assuming . . . 
all the IVSM strengths at Ex e 50 MeV 

6.2 units 

lS,_ - - 28.0tl.6 

90Zr.. .3(N-Z) = 30 

B + strengths obtained firom other gOZr(n,p) 
meas u re me nl ts 

E, s,, Emax 
(MeV) (MeV> 

98 1.7t0.2 10 (Uppsala) 
198 1 .Ot0.3 7.8 [TRIU MF) 

is small insufficient 
mlower to obtain Q 
'Emax 

Aim 
gOZr(n,p)sp~ectra at 300 MeV u MDA 

+ SB+in the continuum 
+ Q. (lwith goZr(p~,n) result) 



2. Experiment 
RCNP, Osaki3 University - 
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DNN - - 0.28 + P, = 0.20 
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! HlPlS 

n 

f P, = 0.70 



(n,p) facility 
@RCNP, Osaka university 

- -  P 

Large Acceptance: 
A Q= 11 msr, 

6 =  t7% 

0 1 2 m  
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v 

Dump (Effective Are4 

(n, p) taraets: 
3 x  Zr 200-400 mg/crn2 
1 x6H2 50 mg/cm2 

n+p scatteriing cross sections are known 
... no. of n+p events I+ no. of neutrons 

Measured quantities 

. and A at d u2 
dRdE Y 

e =0-120 
E,= 0-70 MeV 



3. Result 
Double differential cross sections 

isovector spin monopole 
0' (ISVM) 2R CC). A L=O 

0 \ I 

0 8- r + t +  
Zr(n,p)  "Y at 293 MeV 90 

. .  . . .  . . .  . . .  . . .  . 

. .  . . .  . . .  . . .  . 

6"-7" 1 ?-Bo 

0 20 40 60 0 20 40 60 

excitation ene rgy  (MeV) 

statistical Uncertainty: 

systematic uncertainty: *6% 
t 3 % / 0 . 5 M e V  = l o  @1-2" EX=20MeV 



Analyzing powers 
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f at 293 MeV 
1 . 1 . 1 . 1 . 1 . 1 . 1 . 1  

0 20 40 60 0 20 40 60 

Excitation energy (MeV) 
statistical uncertainty: 
t0.0510.5 MeV a 3 "  @!0-3" E X = 30 MeV 

systematic uncertainty: t35% 

A -0.1 @ 0-3" Y -  
... due to AL=l CCI nponenl 

Analyzing polwers.. . 
have no information at 0" (A, =O). 
depend heavily on optical potential. 

* A, data vvere not included in the MDA 



Analyzing powers 
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Excitation energy (MeV) 
statistical uncertainty: 
t0.0510.5 MeV =3" @!0-3" E,= 30 MeV 

systematic uncertainty: t35% 

A, ~ 0 . 1  @ 0-3" .! 
... due to AL=l component 

Analyzing polwers. . 
=have no information at 0" (Ay =O). 
depend heavily on optical potential. 

* A data vvere not included in the MDA Y 



4. Analysis 
Extraction of (7 AL=o 

by MDA 

MDA -7 

Jn = I + ( A L  = 0), 
0-, I - ,  2 3 A L  = I ) ,  
3 + ( A L  = 2), 
4 - ( A L = 3 )  

DWIA inputs: 
NN interaction hJ 2 
Franey & Love @325 MeV T3 1 C:: 

T3 0 

l a 2  
optical potential '\ 

k 7  p ... Cooper et al. 0.2 
transition density T3 

pure 1 p l  h configuration 
n-particle (N=51-82) I 

1 g m  2d512~ * d 3 m  1 hi 112~ 3 ~ 1 1 2  

n ... Shen et al. id 

2 

# - 
p-hole (Z=21--50) 0 20 40 60 

g9/27 2P1/27 2P3/23 f5127 f7'/2 Ex (MeV) 
radial wave functions 
Woods-Saxon (WS), 
harmonic oscillator (HO) 



A 
== uGT F(q,w) B(GT) [z:): kinematical factor 

W T )  
AL=O 

GT unit cross sectio 
3.6t0.6 mb/sr 

De t e r m i n at i (3 n of Em& 

preserving I 
1 Emax -E(GT,T=6), 

- - 50.0-18.6 
= 31.4 MeV 2 ‘%ax 4 

a 31.4 MeV 
%+; MDA =J’ E3 (GT) d Ex 

- - 5.4-1-0.3 

IVSM contribution * DWIA 

1 TDA calc. by Hamamoto & Sagawa 

HWhole transition density at w= 20.8 MeV 
1 Radial wave functions: 

MHO 
HWS + shallow binding (s.b.) - IVSM contribution: 2.4-1-0.8 units 
%+- - (5.4*0.4)-(2:.4t0.8) 

=3.01koo3 k0.8 -imoos - A 

I u G T  L IVSM 
MDA 



estimation of the IVSM 
I @  contribution is different. 

GT quenching factor (2 
+ e - -  

S p - S p + -  - (28.0t  1.6t5.4)-(3.0t0.3t0.5) 

I ” GT 

Q = 0.83t0.06 in 
LMDA 

1 P I  h} 
2p2h 

region 

spin-isospin part of the LM interaction: 

g’N A 

h y A A  

ph-ph 
ph- A N-I 

A N - l - A N - l  

universality ansatz: 

calculation by Suzu ki&Sak:ai 
[Suzuki & Sakai PLB455,25 (1999)] 

Q = 0.83t0.06 gyNA = 0.1 6-0.35 
(Chew-Low model) 
if g’AA = 0.6 

NB) 71 + ,o exchange.. . 
g’, A value increases by 0.1 (Arima et ai.) 

* universlality ansatz does not hold. 



5. Summary 
New (n,p) facility at RCNP. 

0 Measurement of d (T* 
dRdE Y and A 

for the gOZr(n,p) reaction at 300 MeV 
to derive B $- strengths in the continuum. 

lab . 0 - 1 2 O  , E,: 0-70 MeV 

MDA 
... S,+= 3.0t0.3 t 0 . 8  t0.5 

at E,< 31.4 MeV 

9 Q = 0.83t0.06 
by using S, __ obtained 
from goZr(p,n) spectra 

... larger than Q-0.5 
4 contribution of A excitation is small 

compared with the 2p2h contribution. 

Q + Landau Migdal parameter g’NA 
g’N A =0.16-0.35 (Chew-Low model) 

if g ’ ~  ~ d . 6  


